PURPOSE We wanted to determine whether metformin is an effective medication for treatment of overweight or obese adults who do not have diabetes mellitus or polycystic ovary syndrome (PCOS).
INTRODUCTION
O besity has become a major public health concern in the United States. More than 60% of adults are overweight or obese, 1 with a body mass index (BMI) greater than 25 kg/m.
2 Obesity affects persons regardless of age, race, ethnicity, and sex.
2 It is associated annually with 400,000 deaths, and associated health care costs exceed $177 billion. 2 A combination of genetic, metabolic, behavioral, environmental, cultural, and socioeconomic factors contribute to a person' s body weight. 2 An elevated BMI increases the prevalence, morbidity, and mortality of type 2 diabetes mellitus, hypertension, heart disease, stroke, osteoarthritis, respiratory tract disorders, gallstones, certain types of cancer, and psychological disorders. 2, 3 Many treatment options are available for overweight and obese adults: behavioral strategies, medications approved by the US Food and Drug Administration (FDA), and bariatric surgery for those at greatest risk. Several FDA-approved drugs for conditions other than obesity have been Kara M. Levri, MD [4] [5] [6] [7] Metformin is one such drug.
Metformin, the biguanide most widely used for the treatment of type 2 diabetes mellitus, 8 may be useful in aiding weight loss. In diabetic patients, it suppresses endogenous glucose production and may also act as an insulin sensitizer. It also helps diabetic patients lose weight or at least keep their weight stable. 9 In addition to its use in treatment of diabetes, metformin has also become commonly prescribed for patients with polycystic ovary syndrome (PCOS), and its use has resulted in weight reduction in those patients as well. 10 Given the problem of increasing rates of obesity, we conducted a systematic review of the literature regarding metformin and weight loss in patients who did not have diabetes or PCOS. To our knowledge, no other systematic review has been performed on the use of metformin for weight loss in this patient population. The search was limited to publications in English. Search terms were "metformin" or "Glucophage" or "biguanides" or "diguanide" and "obese/obese therapy" or "weight/weight loss" or "body fat" or "diet/ diet therapy" or "overweight" or "fi tness," using appropriate suffi xes and derivatives. Reference lists of all retrieved articles were examined. Attempts were made to contact authors who had expertise regarding the clinical question (ie, multiple publications on the issue), as well as the pharmaceutical manufacturer of Glucophage, Bristol-Myers Squibb, asking for additional data, unpublished studies, or missed references.
METHODS

MEDLINE
Inclusion criteria were predefi ned as follows: obese or overweight determined by a BMI of 25 kg/m 2 or greater or waist-to-hip ratio (WHR) of more than 0.8, metformin use, and aged 18 years or older. Exclusion criteria were predefi ned as a diagnosis of diabetes mellitus, PCOS, or descriptors of PCOS, such as hirsutism or oligomenorrhea; infection with the human immunodefi ciency virus (HIV); and concomitant antipsychotic medication use.
Articles were screened for inclusion and exclusion criteria by multiple reviewers. Authors of studies with the potential to meet inclusion or exclusion criteria by additional unpublished information were contacted.
Each trial was scored independently by 2 researchers. Trials were graded on an 11-point Jadad scale.
11
Only randomized controlled and blinded trials were accepted; no studies with a Jadad score of less than 7 were included in analysis. Studies lacking pretreatment and posttreatment weight, BMI or WHR were excluded. Disagreements were settled by group consensus.
Two reviewers independently extracted data from each trial. Primary outcomes measured were changes in BMI, WHR, and weight. All outcomes were assessed at the maximum follow-up time or the end of treatment.
No formal statistical procedures or tests were performed because there was not suffi cient similar information from each article to achieve a meaningful meta-analysis.
RESULTS
Fifty-seven potentially relevant studies were initially identifi ed. Of these, 49 were identifi ed through a MEDLINE search, 1 from MEDLINE In-Process & Other Non-Indexed Citations; 7 additional studies were found through a reference search of those studies. Of the studies with the potential to meet inclusion-exclusion criteria by additional unpublished information, response was achieved from 2 of the 7 authors contacted. One author was unable to provide this information because of the ongoing nature of the study. The second author was "unable to provide the time to review the sought information." The remaining 5 authors were unable to be contacted after 2 attempts. These 7 potential studies for review were among the 10 that were excluded after a more detailed evaluation and were incorporated into the category of "inaccessible outcomes" (Figure 1 ).
A total of 48 studies were excluded because of lack of randomization, lack of blinding, failure to meet inclusion or exclusion criteria, inaccessible outcomes, and improper study design. As a result, 9 clinical trials, [12] [13] [14] [15] [16] [17] [18] [19] [20] published between 1970 and 2002, met criteria for validity assessment (Figure 1) .
Clinical features included study durations ranging from 15 days to 1 year and metformin dosages ranged from 750 to 1700 mg/d. Six of the 9 studies included both male and female participants. Four studies used the parameter of waist-to-hip ratio, 3 studies included BMI, and 8 used weight (Table 1) . Table 2 displays quality assessment features of the 9 clinical trials. One study specifi cally reported allocation concealment (Kantola et al 16 ). Three studies reported intention-to-treat analysis, 3 did not utilize intentionto-treat, and 3 were not applicable for this analysis because of a lack of study dropouts. 
DISCUSSION
Based on this review, the evidence for using metformin as treatment of overweight or obesity in adults who had no diabetes mellitus or polycystic ovary syndrome was insuffi cient. We reviewed articles relating to our clinical question in the absence of any other systematic review on this topic. We found 9 high-quality articles in which patients were randomized into 2 or more groups, baseline measures were taken, and subsequent measures taken at follow-up time points. Our study has both strengths and weaknesses, and further study is needed for defi nitive answers. This systematic review is methodologically sound. Reviewers evaluated double-blind randomized controlled trials using doses of metformin that resulted in effects on glucose metabolism. Beyond electronic databases, we sought information from expert authors, manufacturers, unpublished studies, and published trials with unpublished data. Two reviewers independently assessed each article for inclusion criteria and validity. Our failure to blind reviewers to author and journal of publication is an area that could have introduced bias; however, the reviewers did not know the authors of articles published in the journals.
The primary limitation of this systematic review is that 5 of the 9 studies were not specifi cally designed to study weight loss, change in BMI, or change in WHR as their primary outcome measure, which might have affected the ability of studies to detect a change in weight, BMI, or WHR, because the studies were powered for a different outcome (affecting sample size and treatment dose). Another concern is the short duration of treatment (15 days to 3 months) in 6 of the 9 studies. Furthermore, the BMI measurements of study participants were limited to overweight (BMI 25-29.9kg/m 2 ) or grade I obesity (BMI 30-34.9kg/m 2 ). Indeed, metformin might enhance weight loss more effectively in obese patients whose BMI is greater than 35kg/m 2 , because that is when insulin resistance, a potential mediator of weight gain and inhibitor of weight loss, becomes more prevalent. 21 A randomized controlled trial designed with adequate power for the outcomes of weight loss, BMI, or WHR that compared metformin with placebo in patients with and without diabetes or polycystic ovary syndrome, stratifying for BMI measurements of 25 to 35, 35 to 40, and greater than 40 kg/m 2 , and observed patients for at least 1 year would provide a more defi nitive answer to what role, if any, metformin has in assisting weight loss.
For reasons cited in the methods, a meta-analysis of the individual studies could not be performed. Various studies gave the results in terms of differences from baseline, some reported the raw means and standard deviations at each time point, others reported the percentage of change, and a few gave their results in graphical form. Three or 4 of the studies had data that could be used for meta-analysis, but the authors collectively agreed that because only 9 studies were included in the review, a meta-analysis on such a small subset of the studies was not suitable. We do not consider this lack of meta-analysis to be a limitation of the review. All of these studies had similar designs, yet the reporting of the fi ndings is so dissimilar, they do not allow a fi nal quantitative answer to be obtained. Researchers can improve the quality of randomized controlled trials by following guidelines for reporting data. 22, 23 Evidence is insuffi cient to conclude that metformin can serve as a treatment of overweight or grade I obesity in adults who do not have diabetes mellitus or polycystic ovary syndrome. At this time, the use of metformin is not recommended as treatment of these conditions. If clinicians and patients are considering pharmacologic assistance for weight loss, the National Heart, Lung, and Blood Institute and Cochrane Reviews 24, 25 recommend sibutramine or orlistat as therapeutic options for patients who have a BMI of greater than 30 and who have no concomitant risk factors and for patients who have a BMI greater than 27 and who have concomitant risk factors; they recommend bariatric surgery as a therapeutic option for patients who have a BMI greater than 40.
